
Phytochemistry, 1980, Vol. 19, pp. 1157-1161. Pergamon Press Ltd. Printed in England. 

ISOLATION AND IDENTIFICATION OF TWO NEW BIOLOGICALLY 
ACTIVE NORDITERPENE DILACTONES 

FROM ASPERGILLUS WENTII 

JOE W. DORNER,* RICHARD J. COLE,* JAMES P. SPRINGER,? RICHARD H. Cox$, HORACE CUTLERS and 
DONALD T. WICKLOW\\ 

* USDA, SEA, AR, Southeast Area, National Peanut Research Laboratory, Dawson, GA 31742; t Merck Institute of 
Therapeutic Research, Department of Biophysics, Rahway, NJ 07065; $ National Institute of Environmental Health Sciences, 
P. 0. Box 12233, Research Triangle Park, NC 27709; PUSDA, SEA, AR, Southeast Area, Georgia Coastal Plain Experiment 

Station, Tifton, GA 31794; ((USDA, SEA, AR, Northern Regional Research Center, Peoria, IL 61604, U.S.A. 

(Revised received 10 August 1979) 

Key Word Index-Aspergillus wentii; mycotoxin; norditerpene dilactone; plant growth inhibition; X-ray 
crystallography. 

Abstract-Two new biologically-active norditerpenoid dilactones were purified from culture extracts of Asper- 
gillus wentii and assigned the trivial names wentilactone A and wentilactone B. The absolute chemical structure 
of wentilactone A was determined by single crystal X-ray diffraction and circular dichroism. The structure of 
wentilactone B was determined by ‘H and i3C NMR analyses. Wentilactone A had an LD~~ of 7.0 mg/kg when 
administered orally to l-day-old chickens. Both metabolites inhibited growth in wheat coleoptile bioassays. 

INTRODUCTION 

In the last decade several nor- and bisnorditerpenoid 
dilactones have been isolated from various Podocarpus 
species, and most have been shown to exhibit plant- 
growth regulating properties. Galbraith er al. [l] 
studied the relative activities of the podolactones and 
related compounds in the pea-stem bioassay, and they 
found podolactone E (1) to be the most inhibitory, 
followed by inumakilactone B (2). Singh et al. [2] 
studied the effects of six of these naturally-occurring 
lactones on housefly larvae, and they also found 
podolactone E to be the most active. In 1976 Ito and 
Kodama [3] published an extensive review of the 
literature on these compounds. 

Using the screening program developed by Kirksey 
and Cole [4], we isolated a toxigenic fungus identified 
as Aspergillus wentii Wehmer (NRRL 6435) from 
peanuts which had molded during storage. We report 
here the isolation and identification of two new biolog- 
ically active metabolites of the podolactone group 
purified from extracts of A. wenfii cultures. These 

metabolites are given the trivial names wentilactone A 
(3) and wentilactone B (4), and their plant-growth 
inhibiting porperties are compared with those of 
podolactone E and inumakilactone B. 

RESULTS AND DISCUSSION 

Both 3 (mp 2.58”) and 4 (mp 260”) readily crystal- 
lized as cubes from a solution of MeOH-EtOAc (1: 1). 
Crystals of each compound were soluble in H,O and 
Me,CO, sparingly soluble in MeOH, and insoluble in 
hexane, ChHh, EtO, CHCI,, and EtOAc. TLC of 3 
revealed a brown spot at R, 0.18 that quenched under 
longwave UV light. 4 appeared as a yellow fluorescent 
spot under long-wave UV light at R, 0.12. 

UV data (Table 1) indicated the presence of a diene 
lactone system such as that found in antibiotic LL- 
Z12710( (5) [S, 61. The IR spectrum of 3 showed 
major absorptions at 3500, 1780, and 1710 cm-‘, 
which are indicative of hydroxy, y-lactone, and 6- 
lactone moieties, respectively. The HRP mass spec- 
trum of 3 showed a molecular ion peak at m/e 
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Table 1. CD and UV spectral data of wentilactoncs A and 13 

CD U\’ 

304.0914 (M’), which was consistent with the calcu- 
lated formula C,,H,,O, (talc. mass of 304.0946). 4 
had an M’ at m/e 290.1166 and the formula C,,H,,O, 
(talc. mass of 290.1153). 

0 

CY 
4 Wentilactone B 

Preliminary X-ray diffraction experiments indicated 
that the symmetry of the clear crystals of 3 was P,,,,,,, 
since reflections with !I 0 0, h = 2n + 1: 0 k 0. k = 
2n + 1; and 0 0 1, 1 = 2n + 1 were not observed. The 
cell constants found were CY =X.908 (I), b = 10.391 
(2), and c = 14.703 (3) A with Z = 4 for a calculated 
density of 1.48 g/cm’. A labelled perspective drawing 
of the x-ray model is given in Fig. 1 [7:]. Tables 2-4 
which list fractional coordinates and temperature 
parameters, bond distances. and bond angles, respec- 
tively, are available as a supplementary publication 
[81. 

Since 3 has a rigid, compact structure, the confor- 
mations of the various rings deviate somewhat from 
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Fig. 1. A perspective drawing of wentilactone A with the 
correct absolute stereochemistry. Hydrogens have been 

omitted for clarity. 

ideal models. As can be seen in Fig. 1. rings A. H, and 
D form a concave surface, with O-IS. O-16, C-19. 
C-20. and O-22 having /!I orientations on the inside of 
the surface, while C-18 has an cy orientation. Ring A 
exists in a distorted boat conformation ver! similar to 
an identical ring in inumakilactone A 191. A distorted 
sofa conformation is the best description for ring is, 
with C-IO being (I.68 A out of the hcst plane formed 
by C-5, C-6. C-7. C-X. and C-0. Ring C ib also in a 
distorted sofa conformation, \vith C- I.1 being (,.A7 A 
out of the best plant formed by C-X. C’-9. C- 1 1, C- 12. 
and O-13. Since C-S is 0.5.3 A out of the best plane 
formed by C-4. C-6. (‘- 19. and O-72, the y-lactonc is 
in an envelope conformation. The only hydrogen bond 
in the crystal structure is intramolecular involving 
O-16, H-16. and O-21. \n,ith an O-16-0-21 distance 
of 2.78 A. 

The absolute configurations of 3 and 4 arc as shown 
because of the large negative Cotton ctfect at 259 nm 
(Table 1) [ 10. 111. 

The assignment of the ‘H NMR spectrum of 3 
(Table S1 was relatively straightforward based on the 
chemical shifts. coupling constants, and spin- 
decoupling experiments. The “C chemical shifta of 3 

-- 
* Chemical shifts in ppm downtield tram TMS. 
T Coupling constants in parenthcs\. m Hy, 
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are given in Table 6. 13C chemical shifts were assigned fully recovered in 3 days. Wentilactone B was not 
on the basis of the sford spectrum, trends in chemical 
shifts reported previously [12], and model compounds 

toxic to l-day-old chickens when administered orally 

c131. 
up to 250 mg/kg. Limited supply of material precluded 
dosing of 4 at higher levels. 

The 13C spectrum of 4 (Table 6) contained 16 peaks 
in addition to those of the solvent, indicating the same 
number of carbon atoms in 3 and 4. However, there 
were significant differences in the two spectra. First, 
the carbonyl assigned to the five-membered lactone in 
3 was shifted downfield in 4 by - 5.0 ppm. The 
remainder of the peaks in the downfield region of the 
spectrum of 4 were similar to those in 3. Second, the 
two carbons assigned to the epoxide in 3 were not 
present in 4. Instead, two additional peaks appeared in 
the aliphatic region of the spectrum of 4. Furthermore, 
sford spectra indicated that these two carbons are 
methylene carbons. Finally, the two methyl carbons in 
4 were shifted downfield from their corresponding 
positions in 3. 

The ‘H spectrum of 4 (Table 5) likewise differed 
from that of 3 in several respects. The two protons 
assigned to the epoxide in 3 were absent in 4, and a 
four-proton multiplet in the region 1.3-2.3 ppm was 
present in 4. In addition, the signal assigned to H-3 in 
3 was shifted downfield in 4, whereas the signal as- 
signed to H-11 in 3 was shifted upfield by -0.5 ppm 
in the spectrum of 4. The remainder of the ‘H spec- 
trum of 4 was similar to that of 3. 

All the above data indicated that the structure of 4 
was very similar to that of 3. However, it was clear 
that 4 did not contain the epoxide ring. Thus, the data 
suggest that 4 has the structure as shown. The differ- 
ences in the chemical shifts between 3 and 4 can be 
easily accounted for, since in 3 the six-membered ring 
containing the epoxide is locked into a boat conforma- 
tion, whereas in 4 the ring is in a chair conformation. 

Wentilactone A had an LD~~ of 7 mg/kg in l-day-old 
chickens. Shortly after dosing, the chicks exhibited 
severe equilibrium problems characterized by a ten- 
dency to fall forward. At the highest dosage level all 
animals were dead within 2 hr of dosing, whereas at 
the lowest level, all chicks survived and appeared to be 

Podolactone E (1) and inumakilactone B (2), kindly 
provided by Dr. M. N. Galbraith, were used to com- 
pare their plant-growth-regulatin‘g activities with wen- 
tilactones A (3) and B (4). The results (Table 7), 
particularly at lo-’ M, showed that 3 was comparable in 
activity to 1 and 2, whereas 4 was inactive. We, therefore, 
conclude from both the animal and plant studies that 
the C-l, C-2 epoxide is important for biological activity, 
since in each test wentilactone B is much less active 
than compounds containing that epoxide. This sup- 
ports the conclusions reached by Galbraith et al. [l] in 
structure-activity studies of several members of the 
podolactone group in which they showed greater activ- 
ity to be associated with compounds containing a C-l, 
C-2 epoxide or double bond. Hayashi and Sakan [14] 
also conducted structure-activity studies of various 
nor- and bisnorditerpenoid dilactones. It is interesting 
that the compounds showing greatest activity did not 
contain an epoxide between C-l and C-2, but rather 
the smallest number of polar substituents in the 
molecule. Unfortunately, because of nonavailability of 
material, we could not compare the activities of 3 and 
4 with the compounds found most active in their 
study. 

Table 6. i3C NMR chemical shifts for wentilactones A and B 

Carbon Wentilactone A* Wentilactone B* 

1 50.20 39.63 
2 54.69 36.33 
3 66.78 63.22 
4 48.21 42.24 
5 47.72 45.53 
6 69.49 71.30 
7 121.82 121.64 
8 131.15 131.38 
9 156.45 158.17 

10 35.57 35.56 
11 111.90 111.85 
12 162.95 163.16 
14 68.81 69.32 
18 18.65 23.15 
19 175.84 ’ 180.70 
20 24.85 27.37 

* Chemical shifts in ppm downfield from TMS. 

Brown and Sanchez [ 151 reviewed evidence suggest- 
ing a dual ecological role for compounds of the 
podolactone group: (1) act as toxins which enable 
Podocarpus spp. to resist insect predator attack; (2) 
represent allelopathic substances which control pat- 
terns of plant colonization around Podocarpus. They 
further suggested that these compounds may be 
biosynthesized for the Podocarpus plants by mycor- 
rhizal fungi. The rationale for such an argument is 
linked to a report [5] of an antifungal compound 
LL-Z1271a (5) belonging to the podolactone family 
and isolated from a fungus identified only as Acros- 
talagmus sp. (= Verticillium). Fungi assigned to the 
genus Verticillium are usually isolated from soil, often 
inhabiting the rhizosphere or infecting plant roots. 
Likewise, A. wentii is frequently isolated from soil and 
is one of the mold species commonly associated with 
the roots of pineapple plants in Hawaii and with the 
subterranean stems of Coptis japonicus, a drug plant 
[16]. It is interesting that the fungal metabolites, %5, 
have no carbon side-chain at C-14, in contrast to the 
other members of the podolactone family, which were 
all isolated from Podocarpus. Therefore, it seems pos- 
sible that the podolactones may be plant-altered 
fungal metabolites. 

Table 7. Growth inhibiting activity of wentilactones A, B, 
podolactone E and inumakilactone B in wheat coleoptile 
bioassays (Triticum aestiuum L. cv Wakeland) expressed as 

per cent inhibition compared to controls 

10m3 M 10m4M 10-s M lo-‘M 

Wentilactone A 81 81 48 0 
Wentilactone B 100 81 0 0 
Podolactone E 82 64 55 0 
Inumakilactone B 96 82 62 0 
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